Global warming and Climate change are now widely recognized as two of the most important issues facing human society. Thus, the determinants of CO 2 emissions have attracted many researchers over the past few decades. One of the important factors is the democracy level of a country. Most of studies, however, ignore the possibility that effect of democracy on CO 2 emissions could vary throughout the CO 2 emissions distribution. In this paper, we address this issue by applying panel quantile regression methods. Our results show that the effect of democracy on CO 2 emissions is higher heterogeneous across conditional distribution of pollution. The coefficient is highly significant and has the positive sign at lower quantiles. Yet the magnitude decreases toward the higher quantiles and then it becomes insignificant. However, it turns into negative and becomes significant again at the higher quantile. In addition, financial openness is not statistically significant at any quantile. These novel findings not only help advance the existing literature, but also can be of special interest to policy makers.
Introduction
Global warming has emerged as one of the most challenges facing human society.
Greenhouse gas emissions (GHGs), especially carbon dioxide emissions, are considered as a dominant contributor to global warming. Global warming now presents the greatest potential threat to climate change. These increasing environmental threats have led scholars and policy makers to debate over reducing greenhouse gases emissions to alleviate global warming.
by looking the impact of democracy not only on the mean but also on the shape of the conditional distribution of environmental pollution. At present, only a few, albeit important papers, have applied panel quantile regression fixed effect model to investigate the relationship between income and pollution (Damette and Delacote, 2012; Flores et al., 2013; Yaduma et al., 2013) 2 . This method allows us to derive different parameter estimates for various conditional quantiles of pollution. Furthermore, quantile regressions model with fixed effects improve the usual cross-sectional or panel pooled data regressions by exploring simultaneously two kinds of heterogeneity: unobserved individual heterogeneity via fixed effects and common heterogeneity via covariates effects within the panel quantile estimation (Damette and Delacote, 2012) . To test the robustness of our results, we also employ the method proposed by Canay (2011) to estimate the panel quantile regression model. To the best of our knowledge, no paper investigates the joint role of economic, financial and democracy variables on CO 2 emissions in the panel quantile regression model framework.
From a policy perspective, it is more interesting to understand what happens at the extremes of a distribution. For example, Chestnut et al., (1991) argue that both humans and ecosystems are more seriously affected at high concentrations of pollutions. Hence, it is important to learn about the behavior of emissions at high levels of pollution. In the type of consideration, the focus is no longer on the mean effect, but on the full distribution of pollution emissions.
The remainder of the paper is organized as follows. Section 2 of the paper we review previous literature while Section 3 outlines the methodology used within this paper. Section 4 we describe the data used in this paper. The empirical results of panel quantile regression models are presented in Section 5. Section 6 concludes the paper.
Literature review
There are a number of studies that investigate the link between institutional quality and pollution. On the whole, this branch of research can be categorized into two strands. The first strand of the literature investigates the democracy-environmental pollution nexus. The second strand of the literature examines the corruption-environmental pollution nexus. In this paper we mainly focus on the democracy-environmental pollution nexus. Some theorists believe that democracy can improve the environmental quality of a country, while others argue that may not improve the environmental quality or may even worsen it. Empirically, the results are mixed. The studies by Torras and Boyce (1998) , Barrett and Graddy (2000) , Li and Reuveny (2006) , and Farzin and Bond (2006) argue that democratization makes citizens better informed and better enabled to protest. Torras and Boyce (1998) find that democracy, proxied by the Freedom House indicators of political rights and civil liberties in 1995, has in general a positive and significant effect on environmental quality, especially in low-income countries. Harbaugh et al. (2002) find there exist a consistent negative relationship between sulphur dioxide and the democracy level of a country. Using a panel data model over the [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] period, Farzin and Bond (2006) find evidence that the country's level of democracy (based on Polity IV data) and its associated freedoms is related positively to environmental quality.
Using a panel dataset of 107 cities in 42 countries over the period 1971 -1996 , Bernauer and Koubi (2009 find that democracies and especially presidential systems have a positive effect on air quality.
However, several scholars find that democracy may not improve the environmental quality or may even worsen it (Midlarsky, 1998; Roberts and Parks, 2007; Scruggs, 1998) .
For example, Roberts and Parks (2007) conclude that democracy has almost no impact on carbon emissions. Scruggs (1998) also find an insignificant relationship between democracy level and three environmental indicators (dissolved oxygen demand, fecal coliform, particulates emissions), once income inequality is included. Nevertheless, Midlarsky (1998) finds that a higher democracy level is associated with a worse environmental performance.
The author argues that democratic governments may not be responsive to environmental imperatives because some groups are expected to lose (or gain) more than others when environmental policies are implemented.
Though many literature concerned with the relationship between democracy and environmental quality, it is safe to say that extant empirical evidence on democracy-pollution nexus is mixed. We argue that the main shortcoming of these studies is that the result may be biased due to neglect the distributional heterogeneity. In addition, only a few studies explicitly assess the impact of financial openness on pollution (Tamazian and Rao, 2010; Tamazian et al., 2009; Jalil and Feridun, 2011). Frankel and Rose (2005) argue that openness is at least as likely to help the environment as to hurt it. Therefore, such an improvement in financial infrastructure (based on the openness of capital account) may contribute to the efficient technological use and, therefore affect the environmental degradation as well (Tamazian et al., 2009 ). So far we have found little empirical work to establish the relationships between democracy, financial openness, and environmental pollution accounting for distributional heterogeneity. To achieve insight into the unobserved individual heterogeneity and distributional heterogeneity, a further study on the impact of democracy on pollution with panel quantile regression with fixed effect model is necessary.
Methodology
In this paper we employ the panel quantile model with fixed effect to investigate the impact of economic, financial openness, and democracy on environmental quality. While the usual regressions focus on the mean, quantile regression is able to describe the entire conditional distribution of the dependent variable (emissions). Using this methodology, we are able to assess the determinants of emissions throughout the conditional distribution, with particular focus on the most and least emissions countries-those that arguably of the most interest. Quantile regression can therefore help us obtain a more complete picture of the factors affecting emissions. Indeed, focusing on the mean effects may under-or overestimate the relevant coefficient estimates, or may even fail to detect important relationships (Binder and Coad, 2011) .
Quantile regressions, first introduced in the seminal paper by Koenker and Bassett (1978) , is a generalization of median regression analysis to other quantiles. The  th quantile of the conditional distribution is estimated by solving:
where
is the "check function"; (.) I is an indicator function. The conditional quantile of i
From (1) we can see that quantile regression can be seen to be a weighted regression. For example, if
, the negative residuals will have less weight than the positive ones. Thus, unlike standard regression estimator, quantile regression estimators are robust to outliers and distributions with heavy tails. It is worth mentioning that segmenting the dependent variable into subsets according to its unconditional distribution and then running an OLS on these subsets is not an appropriate alternative to the quantile regression, due to severe sample selection problems (Koenker and Hallock, 2001 ).
Quantile regression is first introduced as a cross-sectional estimator (Koenker and Bassett, 1978) . However, these estimators do not take into account unobserved country heterogeneity.
To 
The main problem with panel quantile regression with fixed effect is that the inclusion of a large number of fixed effects ( i  ) lparameter incidental parameters problem. The estimator will be inconsistent when the number of cross-sectional units goes to infinity while the number of observations for each cross-sectional unit is fixed (Kato and Galvao, 2010 
performance of the estimate of  . For the term  goes to zero, the penalty term disappears and we obtain the usual fixed effect estimator, while the term goes to infinite, we obtain the estimate of the model without the individual effects (Pooled model). In this paper we set 1   as Damette and Delacote (2012) and Lee et al., (2012) . To check the robustness of our results, we also conduct sensitivity analysis with different value of  . Canay (2011) finds that Koenker's method is computationally intensive and the author develops a two-step method of estimating panel quantile regression model with fixed effects.
Canay proposes a simple transformation of the data that eliminates the individual fixed effects under the assumption that these effects are location shifters (fixed effects are constant across quantiles). Given this assumption, Canay develops the following two-step procedure. ) and proceeds using the standard method of estimation of quantile regression. Furthermore, the bootstrap method is employed to obtain the variance-covariance matrix for this estimator 3 . The bootstrap method is based on randomly drawn samples (with replacement) of size NT from the original data. For each of these B draws, the two-step estimator as described above is computed and resulting in B different estimates for
.Therefore, the estimated bootstrapped variance-covariance matrix at quantile  is constructed as
In this paper we study the effect of democracy on environmental quality by modifying the specification of previous studies to account for heterogeneity throughout the pollution distribution. We specify the conditional quantile function for quantile  (such as the 10th,20th,…, 90th, 95th percentiles) as follow 
Data description and analysis
In this paper we attempt to investigate the relationship between democracy, financial openness, and environmental quality using data from a cross-section of countries over the time span from 1985-2005. The choice of sample selected for this analysis is primarily dictated by the availability of reliable data. The dependent variable in this analysis is CO 2 emissions. As mentioned earlier, CO 2 emissions are considered as the primary greenhouse gas responsible for global warming (IPCC, 2007) . Our source of CO 2 emission data is the World Bank (2013). Next, we will discuss the main explanatory variables chosen for our analysis, as well as control variables.
Our main variable of interest is democracy. Buitenzorgy and Mol (2011) point out that democracy is not an easy variable to measure. The most widely used democracy indices for measuring the democracy level of a country are the Polity index (Marshall and Jaggers, 2012) and the Freedom House index (Freedom House, 2011) . We use a broad array of democracy measures in this paper. The first democracy variable used is the aggregate indicator of democracy from the Polity IV database (polity2) (Marshall and Jaggers, 2012) . This variable captures the regime authority spectrum on a 21-point scale ranging from −10 (fully non-democratic) to +10 (fully democratic). As a robustness check, an alternative measure of democracy is used. The second democracy is the Freedom House Political Rights Index and Civil Liberties Index, which assigns a numerical value to each country on a scale of 1-7, where 1 indicating the highest degree of freedom and 7 the lowest degree of freedom. For the purpose of simplifying the interpretation, the Freedom House Political Rights Index is reversed (by subtracting each value from 8) so that 7 now represents the highest level of democracy and 1 the lowest level. We use a simple sum of these two indices as a proxy for the aggregate democracy level.
To measure financial openness, we use the Chinn and Ito (2008) Because the relationship between environmental quality and democracy can be affected by other factors, it is desirable to adopt a multivariate approach to avoid an omitted variable bias.
According to the previous literature, a vector of additional explanatory variables included in the model. These include trade openness, population size, and the share of industry in the country's GDP, as it is common in the EKC literature. Trade openness is measured by the ratio of annual imports plus exports to GDP. Population size is the total population of a country.
These variables capture the economic and demographic structure of countries which are expected to influence their pollution profile. These three variables collected form WDI (2013).
Aside from these variables, we also include country dummies and year dummies. The justification for adding country dummies notes that they account for any remaining time-invariant country specific variation is not captured by our measure of main variables, whose omission could bias the estimates in a typical cross-sectional study. Finally, year dummies are used in order to control for common time shocks to all countries. Following the standard practice, all the variables enter the regression in natural log form except democracy, financial openness as well as country and time dummies. Details about the data and its sources are provided in Table 1 .
[Insert Table 1 about here] emissions are shown in Fig. 1 . Clearly, the distribution of CO 2 is skewed. In heterogeneous distribution, the OLS regression estimates the mean effect of the independent variables on dependent variable might seriously under-or over-estimate effects or even fail to identify effects at all (Cade and Noon, 2003) . A solution to such problem is to employ the quantile regressions method instead of OLS regressions (Koenker and Bassett, 1978) . Quantile regressions method makes it possible to analyze effects of the independent variables on different quantiles of the pollution distribution instead of focus on the mean of the distribution.
In addition, the method is robust to outlier and gives the researcher a more complete picture of the effects of the independent variables on the dependent variable (Binder and Coad, 2011) .
While the quantile regressions are starting to be recognized as a helpful technique in the case of skewed distributions in other fields of economics, there are relative few studies that have applied it in the area of environmental science (Flores et al., 2013) . We therefore use a quantile regression model to estimate the relationship between environmental quality and democracy in the following section.
[Insert Table 2 
Empirical results
In this section we report and discuss our empirical results. As a benchmark, we first present pooled and fixed effects OLS regression estimates. Second, we focus on the main results of this paper, with an eye toward shedding light on the question: whether the effect of democracy and financial openness on pollution heterogeneous along quantiles of the conditional distribution of pollution. Finally, we discuss our robustness checks, showing whether our empirical results vary according to alternative estimation procedures and alternative model specifications. [Insert Table 3 about here]
Main results
To control for the distributional heterogeneity, quantile regression with fixed effects of
Koenker (2004) is used. As indicated above, omission time-period fixed effects could bias the estimates in a typical time series study. This is the source of motivation for our focus on quantile regression analysis with two-way fixed effect. Table 4 Table 4 , we can see that the impact of democracy on pollution is highly heterogeneous. There is some pronounced differences across different percentiles in the conditional distribution of pollution. The coefficient is highly significant and has the positive sign at lower quantiles.Yet the magnitude decreases toward the higher quantiles. At the 60th quantile it becomes insignificant and then turns into negative and becomes significant again at the 95th quantile.
[Insert Table 4 about here]
Nevertheless, the coefficient of democracy is significant and positive in the OLS mean regression with two-way fixed effect. One possible explanation is that our results are corrected for distributional heterogeneity, which might decreases the likelihood of under-or overestimate the relevant coefficient estimates. Also, the results provide evidence for our claim that OLS mean regression only provides an incomplete picture about the effect of democracy on pollution. Our results indicate that democracy is negatively related to pollution for the 95th percentile, imply that higher democracy level appear to represent an incentive for environmental protect in high pollution countries. With respect to the main focus of this paper, financial openness is not statistically significant at various percentiles. Therefore, this cannot support the hypothesis that the degree of financial openness of a country is associated with pollution. From the later discussion we can conclude that this result is robust to different specifications.
Results for other control variables included in the model are also informative. We can conclude that the effect of income (per capita GDP) and population size are consistent across quantiles. Greater economic prosperity and larger population size lead to higher pollution emissions. Thus, the results suggest little evidence of heterogeneity in the effects of GDP and population size on pollution, though the marginal impact is differenct across conditional distributional of pollution. The coefficient on the share of industry in GDP is insignificant for 10th and 20th percentiles but positive and significant for the other percentiles. It is worthwhile noting that the marginal impact of this variable increases for high pollution countries. The impact of trade openness is positive, although insignificant at various percentiles. That is to say that we do not find any significant effect of trade openness on pollution. To sum up, we find that, on average, the control variables are largely similar to those when using OLS in terms of sign.
In the analysis above, we use the Polity IV database measure of democracy (Marshall and Jaggers, 2012). As a robustness check, we use an alternative measure of democracy, compiled annually by Freedom House based on an assessment of political rights and civil liberties.
Panel (B) of Table 4 reports the results of estimating Eq. (6) using alternative democracy variable, taken from the Freedom House index (Freedom House, 2011). The results are largely similar to Table 3 . The impact of democracy on pollution is highly heterogeneous. Financial openness is found to statistically insignificant. The effects of economic prosperity and population size are consistent throughout the conditional distribution of pollution. We find that economic prosperity and population size have a strong and positive impact on pollution emissions.
Robustness checks
In order to test the validity of our results, we conduct a series of robustness checks in the following section. These include considering: (i) an alternative estimation technique; (ii) nonlinearities in the effect of GDP; (iii) different values for  .(iv) Alternative model specification.
Alternative estimation techniques
In the main analysis above, we use the estimation method proposed by Koenker (2004) . In this section we investigate whether our findings are affected by different estimation techniques. We report the results of Canay (2011) method in Table 5 . We find that the impact of democracy on pollution is higher heterogeneous. Financial openness is found to statistically insignificant at various quantiles of the conditional distribution. Among these additional controls, we find that economic prosperity and population size have a positive and statistically significant impact on pollution, largely consistent with the above findings.
[Insert Table 5 about here]
Nonlinearities in the effect of GDP
To account for possible nonlinear relationship between economic prosperity and pollution, we include GDP squared term in the explanatory variables set. The corresponding regression results are reported in Table 6 . As the results of Table 6 demonstrate, population size significantly positively correlated with pollution. Coefficient of Financial openness is insignificant throughout the distribution. More importantly, the impact of democracy on pollution also is higher heterogeneous, consistent with the above findings. This gives us confidence that it is vital to take into account distributional heterogeneous of pollution.
[Insert Table 9 and Table 10 demonstrate, the findings are similar to the model specification include both factors.
[Insert Table 9 about here] [Insert Table 10 about here]
Overall, the results from these various robustness checks largely support the robustness of the previous findings. The effect of democracy is higher heterogeneous across different percentiles in the conditional distribution of pollution. Our finding that financial openness is not statistically significant at any quantile. Coefficients for other control variables are similar to the results reported above and do not seem to be sensitive to a particular estimation procedure, an alternative measure of democracy. Thus, we conclude that the results reported in this paper are robust
Conclusions
The objective of this study is to explore the impact of democracy on pollution using the panel quantile regression model, which takes into consideration unobserved individual heterogeneity and distributional heterogeneity. Quantile regression model can obtain a full picture of the relationship between pollution and democracy across the whole distribution of the former, not just for its mean value. While the democracy-pollution nexus have drawn economists' interest in recent years, the main contribution of this study is to examine the sensitivity of the democracy-pollution nexus to the conditional distribution of pollution. Also, we believe that quantile regression model can help us obtain a more complete picture of the factors affecting emissions.
In general, we find that economic prosperity and population size have a positive and significant effect on pollution. We do not find any significant effect of trade openness on pollution. Our most important finding, however, is that the impact of democracy on pollution is not uniform across conditional distribution of pollution. The coefficient is highly significant and has the positive sign at lower quantiles. Yet the magnitude decreases toward the higher quantiles and then it becomes insignificant. However, it turns into negative and becomes significant again at the higher quantile. This gives the insights that the democracy-pollution nexus may have been not fully studied in previous studies that focused on mean effects.
Another key implication of our findings is that financial openness has not significant effect on pollution at any quantile. Our main findings are generally robust when the alternative estimation methods and alterntvie model specifications are employed. 
